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SUMMARY 

T h i s   t o p i c a l   r e p o r t   r e p r e s e n t s   t h e   s i x t h   r e p o r t  of  a ser ies  

of r e .po r t s   t o  be prepared   under  NASA Con t rac t  NAS 3 -8511,   Task  111, 

"Investigation of t he  Effect of E l e c t r o d e   M a t e r i a l s ,   S u r f a c e  

Trea tmen t s ,   and   E lec t rode   Spac ing   on   Conver t e r   Pe r fo rmance .  " 

This   s ix th   and  last of a ser ies  of labora tory- type   p lanar  

t h e r m i o n i c   c o n v e r t e r s   w a s  of a new  des ign .   In   th i s   des ign ,   the  

envelope of the   new  conver te r   was   made   en t i re ly  of niobium  (Nb) 

except   for   two  niobium-to-alumina  insulat ing seals,  the  tungsten 

(W)  emi t te r ,   and  a tungs ten-25   weight   percent   rhenium  (W-25 w / o  R e )  

fo i l   suppor t ing   the   emi t te r .  

Th i s   conve r t e r  had a ch lor ide   vapor   depos i ted  W e m i t t e r  

which had a p r e f e r r e d  (1 1 0 )  c rys t a l   o r i en ta t ion   on   t he   su r f ace  a s  

de t e rmined   by   x - r ay   d i f f r ac t ion .   The   co l l ec to r   was   f ab r i ca t ed   by  

deposi t ing a 1500  Angs t rom (A) l aye r  of molybdenum (Mo) on a Nb  

s u b s t r a t e .  

0 

The   vacuum  work   func t ion  (qE) of the W e m i t t e r   w a s   m e a s u r e d  

p r io r   t o   i n t roduc ing   ce s ium  (Cs )   i n to   t he   conve r t e r .  A value of 5.  03 

e l e c t r o n   v o l t s   ( e V )   w a s   o b t a i n e d   a t   a n  emitter t e m p e r a t u r e  (TE)  of 

2075  to  230O0K. Af te r   in t roducing   the   Cs   bu t   before   opera t ion  of the 

conver te r ,   the   co l lec tor   work   func t ion  (@c) w a s   m e a s u r e d .  A 

min imum 9 of 1 .   54   eV  was   ob ta ined   a t  a r a t i o  of c o l l e c t o r   t e m p e r a -  

t u r e  (T,) t o   C s   t e m p e r a t u r e  (TCs)  of 1. 9. T h e  out.put pe r fo rmance  

of t he   conve r t e r   was   measu red   w i th  emitter t empera tu res   r ang ing  

f r o m   1 6 5 0   t o  2035OK, C s   t e m p e r a t u r e s   f r o m   5 7 3   t o  653OK, co l lec tor  

t e m p e r a t u r e s   f r o m   9 7 3   t o   1 0 2 3  K and   i n t e re l ec t rode   spac ings   f rom 

59   t o  2 0  mils. Ear ly   in   t es t ing ,   the   co l lec tor   and  emitter w e r e  

inadver ten t ly   shor ted   and   the   e lec t rodes   were   separa ted   whi le   the  

C 

0 
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dr iv ing   c i r cu i t   was  se t  t o   d r a w   s e v e r a l   h u n d r e d   a m p e r e s .   T h e  

resul tant   arc   produced  pi ts   and  molten  bal ls   on  both  the  emit ter  

and   guard   r ing   tha t   p revented   tes t ing   the   conver te r   a t  a spac ing  

less than 5 m i l s .  

The   ou tput   per formance   of   th i s   conver te r   was   very   s imi la r  

t o  a conver te r   tha t   used  a C V D - W  e m i t t e r  of ( 1 1 0 )  c r y s t a l  

orientation  and a Nb co l l ec to r .   Pos t - t e s t   ana lyses  of the  col lector  

sur face   revea led   tha t   i t   was  Mo and Nb in   about   equal   quant i t ies .  

Thermionic   per formance   ind ica ted   tha t   the   co l lec tor   sur face  

d i sp layed   cha rac t e r i s t i c s  of Nb. 
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INTRODUCTION 

T h i s   w o r k  is p a r t  of a con t inu ing   p rog ram  to   bu i ld   and  

ope ra t e   t he rmion ic   conve r t e r s   w i th   va r ious   e l ec t rode   ma te r i a l s  

in   o rder   to   charac te r ize ,   eva lua te ,   and   ident i fy   the   mos t   .p romis ing  

e l ec t rode   su r f aces   fo r   conve r t e r   ope ra t ion .   The   des ign  of t h e   t e s t  

conver te r   was   conce ived   and   s tandard ized   in   1963.   I t   permi t ted   an  

a c c u r a t e   d e t e r m i n a t i o n  of the  e lectrode  spacing  and  used a guard 

r ing   t o   accu ra t e ly   de f ine   t he   conve r t e r   a r ea .   The   gua rd   r i ng   cou ld  

be kept   a t   the  same t e m p e r a t u r e  and  potent ia l   as   the  col lector .   The 

f i r s t  six l i nes  of T a b l e  1 l i s t   t he   e l ec t rode   ma te r i a l s   and   t he   spac ings  

fo r   s ix   conve r t e r s   bu i l t   a cco rd ing   t o   t he   1963   des ign .   The   ou tpu t  

power   f rom  these   conve r t e r s   was   cons i s t en t ly   h igh  and  variations in 

output  power  could be expla ined   by   var ia t ions   in   e lec t rode   sur faces .  

T h e   e m i t t e r s  of t hese   conve r t e r s   were   p rehea ted   t o  250OoC for  

1 /2-hour   and   a l l   o ther   par t s  of t h e   c o n v e r t e r   w e r e   h e a t e d   a t   l e a s t  

1 0 0  C ho t t e r   du r ing   p rocess ing   t han   t he   ope ra t ing   t empera tu re   fo r  

e a c h   p a r t .  

0 

In  1 9 6 6 ,  under  NASA sponsor sh ip ,   t he   p rog ram  was   a l t e r ed  

i n   t w o   r e s p e c t s :  ( 1 )  A more   e l abora t e   conve r t e r   was   bu i l t  s o  tha t  

t he   e l ec t rode   spac ing  of e a c h   c o n v e r t e r   c o u l d   b e   v a r i e d .   ( 2 )  A m u c h  

more   i n t ens ive   p rog ram  to   cha rac t e r i ze   t he   emi t t e r s   was   i naugura t ed .  

T h e  NASA p r o g r a m ,   c o v e r e d   b y   T a s k  111 of Con t rac t  NAS 3-8511, 

began   w i th   t he   f i r s t   va r i ab le   spaced   d iode   t e s t ed - -namely ,   i t em 7 

of Tab le  1. Th i s   r epor t   p re sen t s   t he   emi t t e r   and   co l l ec to r  

p repa ra t ion   and   t he   t e s t   r e su l t s   fo r   t he   l a s t   va r i ab le   spaced  

conve r t e r   ( i t em  12 ,   Tab le   1 ) .   The   t e s t   r e su l t s   a r e   documen ted   i n  

the   re fe rences   l i s ted   in   the   t ab le .  

It is gene ra l ly   ag reed   by   worke r s   i n   t he   f i e ld   t ha t  Nb i s   an  

in fe r io r   ma te r i a l   fo r   t he rmion ic   conve r t e r   co l l ec to r s .   Ho l l and ,  

Kay,  and  Yates ("' 12)   r epor t   t ha t  Mo is s u p e r i o r   t o  Nb a s  a 

3 



Table  1 

E mi t te  1- 

Polycrystal l ine  Tungsten 

Poly(.rystall ine  Rhenium 

Poly( . rystal l inc  Rhcnium 

Poly(.rystallinc,  Tungst(,n 

Polyc.rystall ine  Tungstcn 

W - 2 5  w / o  R e  

Polyr . rystal l ine  Tungsten 

( I )  

( 1 )  

( 2 .  3 :  4 )  

(1: 5 )  

i 5 )  

(6) 
( 7 . 8 )  

Va por De posit  cd 

Vapor  Deposited 

Vapor De posited 

Vapor  De  posited 

Collector  

N i  

Ni 

Ni 

Ni 

W 

N i  

Nb 

100) W! (110)   E tch  i 9 )  Nb 

110) w t 10) Ni 

1 1  0') LV 

112)   to  

Vapor  Deposited ( 1  1 0 )  W 

:::This conve r t e r  d 

: 1 1 4 )  w 
N b  

W + W 0 2  on N b  

Mo a n d  N b  

d not  have a guard  r ing.  

S p a c i n g  
[ I n c h e s  t 

0, 005 

0. 005 

0 .  002  

0 . 0 0 2  

0.002 

0. 0 0 5  

0 .  001 t o  0.020::: 
0.001 t o  0 . 0 2 0  

0 .  005 

0 . 0 0 2  t o  0 . 0 2 0  

0 .002 t o  0 .020 

0 . 0 0 5  t o  0.020 



col lec tor   mater ia l .  Nb ma tches   a lumina   i n   t he rma l   expans ion .  

T h e r e f o r e ,   f o r  a nuc lear   -hea ted   cy l indr ica l   thermionic   conver te r ,  

i t  is d e s i r a b l e   t o   u s e  Nb insulated  by  a lumina  for   the  col lector  

s t ruc ture .   An  obvious   so lu t ion   i s   to   use   the  Nb for   the   co l lec tor  

s t ruc tu re   bu t   coa t  it with a th in   l ayer  of M o  to   enhance   t he   conve r t e r  

pe r fo rmance .  

The   p r imary   ob jec t ive  of t h i s   t e s t   w a s   t o   d e t e r m i n e   t h e  

p e r f o r m a n c e   c h a r a c t e r i s t i c s  of  a (1  1 0 )  or iented W emi t t e r   and  a 

M o  col lec tor .   The   co l lec tor   was   fabr ica ted   by   depos i t ing  a 1 5 0 0  A 

th ick  Mo layer   on to  a Nb s t r u c t u r e .  

0 
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DESCRIPTION O F  THE  CONVERTER 

The  emitter for   th i s   conver te r   was   the  same e m i t t e r   a s  

used  in   i tem 9 of Table  1.   I t   is  a W disk   1 - inch   in   d iameter  

and  1/4- inch-thick  coated  on  the  lower  surface  with a 0 .  025- 

inch- th ick   l ayer  of CVD W. Af t e r   r emov ing   t he   emi t t e r   f rom  the  

V\r (1   10) -Ni   conver te r  of re ference   10 ,   i t s   o r ien ta t ion   was   rechecked  

by   x - r ay   d i f f r ac t ion .   The   su r f ace   has   l a rge   c rys t a l l i t e s   obse rvab le  

with  the  naked  eye  but   appears   to   be  a lmost   1007~  or iented  with  the 

(1 1 0 )  planes parallel to   the   bu lk   sur face .  

The   co l l ec to r  and  guard  were  ground  and  polished  planar 
0 

and  coated  with a 1500 A l aye r  of Mo by  evaporat ion  in   vacuum. 

The   th ickness  of t he  Mo l aye r   was   de t e rmined   by   s imul t aneous ly  

coating a b lank   g lass   spec imen  which  W ~ S  weighed  before  and  after 

coat ing.   The  thickness   was  then  calculated  on  the  basis  of the 

weight   increase  and  the  total   area of t he   g l a s s   b l ank   a s suming  a 

uniform  deposi t ion.  

In  mounting  the  converter  in a vacuum  be l l   j a r ,   t he   gua rd  

is  r igidly  mounted on th ree   s t a in l e s s   s t ee l   rods .   The   co l l ec to r   i s  

fo rced   by   sp r ings   aga ins t   t he   ce ramic   r i ng   i n su la t ing   t he   gua rd  

f rom  the   co l l ec to r .   Th i s   r i ng   de t e rmines   t he   r e l a t ive   he igh t  of 

the   co l lec tor   and   guard .   Three   movable   s ta in less   s tee l   l egs   a re  

clamped  to  the  f langes  on  the  large  upper Nb p iece   r e fe r r ed   t o  a s  

the   emi t te r   rad ia tor .   The   c lamps   conta in   sapphi re   ba l l s   tha t  

i n su la t e   t he   emi t t e r   r ad ia to r   f rom  the   gua rd  and b e l l   j a r   b a s e  

plate. For a more   de t a i l ed   desc r ip t ion  of the   spac ing   mechanism,  

s e e  NASA CR-1033  (pp.  8-11).  (8) 

Converters   used  in   the  previous  tes ts   of ten  developed 

vacuum  leaks   dur ing   opera t ion .   Most  of these  leaks  developed 

6 



in  brazed  joints  between  Ni  and MO par t s .  A new  tes t ing  vehicle  

was  designed  which  uses   A1203  to  Nb insulat ing seals. The  emitter 

suppor t   and   e lec t r ica l   l ead  is a W -25  w/o  Re  cyl inder   with a 

0. 005-inch-thick  wal l .   The rest  of t he   a s sembly   i s  Nb. Except  

f o r   t h e   c e r a m i c - t o - m e t a l  seals, t he   en t i r e   a s sembly   i s   j o ined   by  

e l ec t ron   beam  we lds .   F igu re  1 is a c r o s s   s e c t i o n   d r a w i n g  of the 

a s sembly .  

The   ce ramic   p i eces   fo r   t he  seals a re   h igh   pur i ty   A1203 

washe r s .   The   p l ana r   su r f aces   were   me ta l l i zed   by  a p rocess  

developed  by  R.  H. Bristow.  (13)  Briefly,  a mix tu re  of finely 

.powdered  calcia,   magnesia,   and A 1 2 0 3  was  painted  and f i r e d  onto 

the   A1203  sur face .   The   resu l t ing   sur face   was   e lec t ro .p la ted   wi th  

a Cu   coa t ing .   The   s ea l   a s sembly   was   made   by   s t ack ing   t he  Nb spinnings 

and  metall ized A 1 2 0 3  washe r s   acco rd ing   t o   F igu re  1 with  1-mil   foi ls  

of C u - 3 7   w / o  Au  (Melting  Point of 1025OC)  placed  between  the Nb and 

meta l l ized   ceramic   sur faces .   The   assembly   was   he ld   under   com-  

press ion   and   f i red   to  105OOC. The   Cu-Au  fo i l s   were   made   s l igh t ly  

smaller than   t he   ce ramic   r i ngs   t o   p reven t   t he   b raze   f rom  runn ing  

down  the   cy l indr ica l   sur faces  of t he   ce ramics .   Cu-37   w /o  Au  was 

used   because   Cu-Nb  forms  a l iquidus  phase  at  1125OC and it  is 

diff icul t   to   make a C u   b r a z e   j u s t  a few  degrees   lower  without  

dissolving  par t  of the Nb foils.  

The  5-mi1-thicky 1 - inch- long   W-25  w/o   Re   cy l inder   was   made  

by   ro l l ing  a foil  and seam  we ld ing  a but t   jo int .   This   cyl inder   was 

welded  to  the W e m i t t e r  and   then   to   the   l a rge   rad ia tor   sec t ion .  

The re fo re ,   t h ree   p rac t i ce   we lds   were   made   be tween   t he   W-25   w /o  

Re  foil  and Nb and  heat  cycled  25 times e a c h   f r o m   r o o m   t e m p e r a t u r e  

to  1000°C. They remained  vacuum  t ight .   However ,   af ter   the  first 

conve r t e r  of this   design  was  assembled,   cracks  developed  in   the 

W -Re  foi l   below  the  weld  to  Nb. A second  emi t te r   and   W-25  w/o  

Re  foi l   assembly  was  annealed  to   1200°C  in   wet   hydrogen  (HZ)  and 

then   t o  160OoC in  dry  Hz.   This   foi l   remained  vacuum  t ight   af ter  

welding  to  Nb. 

7 



Figure 1. CROSS S E C T I O N  O F  N b ,   A L L   W E L D E D ,   P L A N A R   C O N V E R T E R  
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CONVERTER  OPERATION 

Before  introducing  the  Cs,   the   work  funct ion of t he   emi t t e r  

w a s   m e a s u r e d .  It remained  constant   a t  5. 03  e V   f r o m  2075'K to  

230O0K. 

A f t e r  in t roducing   the   Cs   bu t   before   opera t ion  as a con-  

ve r t e r ,   t he   work   func t ion  of the   co l lec tor  was m e a s u r e d   b y   s a t u r a -  

t ion   emiss ion   wi th   the   co l lec tor  at 8 0 0  or  820°K and  varying  the  Cs 

r e s e r v o i r   t e m p e r a t u r e   f r o m  409 t o  493   K.  F i g u r e  2 shows a plot 

of $ v e r s u s  T ~ / T ~ ~  +min i s  1. 5 3 6  e V   a t   T C / T C s  = 1. 9. 

0 

The  output  performance of t he   conve r t e r   was   measu red  

with  TE f r o m  1 6 5 0  to  2035OK, T C s   f r o m  5 7 3  W m 0 K ,  T C   f r o m  

973 to  1023'K and  spacings  from 5 t o  2 0  mils .   The  individual  J - V  

curves  obtained  for   these  parameters   are   presented  in   Appendix A .  

Ea r ly   i n   t e s t ing   t h i s   conve r t e r ,   t he   co l l ec to r  and e m i t t e r   w e r e  

inadver ten t ly   shor ted .   The   e lec t rodes   were   separa ted   whi le   the  

d r iv ing   c i r cu i t   was   s e t   t o   d raw  seve ra l   hundred   amperes .   The  

resultant  arc  produced  pits   and  ball ing on both  the  emit ter   and 

guard.   The  bal l ing  prevented  tes t ing  the  converter   a t  a spacing 

l e s s   t han  5 mi l s .  

The  highest   spot  on  the  guard  was 3. 5 mils above  the 

surface.   The  point   on  the  emit ter   was 1. 2 mils high. A f t e r  the  

a rc ,   t he   conve r t e r   was   r e l eve led  so  tha t   a s  it was   b rought   toge ther ,  

the   l eve l ing   legs   were   equal ly   sens i t ive   in   p roducing   shor t   c i rcu i t s .  

The re fo re ,   t he   da t a   were   t aken   w i th   t he  emitter t ipped  re la t ive  to  

the   co l lec tor .  A spac ing   r epor t ed   a s  5 mils probably   var ied   f rom 

4 to  6 mils f r o m  one  s ide  to   the  other  of the  col lector .  

The   ou tput   per formance   appeared   very   s imi la r   to   conver te r  

# l o  in  Table 1 which  had a similar emitter bu t  a  Nb co l lec tor .  
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This   s imi l a r i t y  is i l l u s t r a t ed   i n   F igu res  3 and 4. These   da t a  

ind ica te   tha t   the   co l lec tor   sur faces  of t he   two   conve r t e r s   a r e  

e s sen t i a l ly   t he  same, a s s u m i n g   t h a t   t h e r e   a r e  no d i f fe rences  

in   the  emitter c h a r a c t e r i s t i c s .  

Because   th i s   conver te r   wi th   the  Mo on Nb collector  had 

the  same output  as a conver te r   wi th  a Nb collector  and  i t   was 

ant ic ipated  that   the  Mo on the  col lector   would  improve  the  output  

pe r fo rmance ,   i t   was   suspec ted   t ha t  Nb had  diffused  to  the  surface 

during  the  outgassing of the  guard  and  collector  which  took a few 

.hours   a t  90OoC. The  converter   was  taken  apar t   and  the  col lector  

sur face   was   ana lyzed   wi th   an   Auger   e lec t ron   spec t rometer .   The  

r e su l t s   r evea led   t ha t   t he   su r f ace   was  Mo and Nb in  about  equal 

quant i t ies .   Data   f rom N. L. P e t e r s o n  (14) and  Birks  and  Seebold 

for   diffusion of Mo and  bulk Nb indicates   that   the  Nb should  not  have 

diffused  to   the  surface s o  quickly ;   however ,   recent   measurements  

b y  J. R .  Young of diffusion of Nb into a Mo evaporated  layer   give 

a d i f fus ion   coef f ic ien t   l a rger   by  a fac tor  of 5. Perhaps   the   evapora ted  

Mo l aye r   i s  not  densely  packed  and Nb d i f fuses   more   rap id ly   th rough 

it than  was  ant ic ipated.  

(1 5)  

The   thermionic   per formance  of a diode is highly  temperature  

dependent.  It i s ,   t he re fo re ,   impor t an t   t ha t   t he   emi t t e r   t empera tu re  

be  well   known. A calculat ion of t he   emi t t e r   t he rma l   g rad ien t s  

occur r ing   in   these   exper imenta l   conver te rs  is included  as  Appendix  B. 
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CONCLUSIONS 

There   a r e   two   conc lus ions   r e su l t i ng   f rom  th i s   work :  

( 1 )  t h e   p e r f o r m a n c e   r e s u l t s   a r e   f o r  a mixed Mo and  Nb  collector 

sur face ,   and  (2) more   work  is r e q u i r e d   t o   d e t e r m i n e  a s a t i s f a c t o r y  

method of applying Mo t o  a   Nb   s t ruc tu re   fo r   u se   a s  a col lector   for  

a long- l i fe   conver te r .  
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APPENDIX B 

CALCULATIONS O F  THERMAL  GRADIENTS  IN  EXPERIMENTAL 
THERMIONIC  CONVERTER  EMITTERS 

V. C.  Wilson 
Genera l   E lec t r i c   Resea rch   and   Deve lopmen t   Cen te r  

Schenectady,  New  York 

These   ca l cu la t ions   pe r t a in   t o   t he   emi t t e r s   i n   t he   p l ane  

pa ra l l e l   t he rmion ic   conve r t e r s   l i s t ed   i n   Tab le  1 tha t   were   bu i l t  

and   t e s t ed   a t   t he   Gene ra l   E lec t r i c   Resea rch  and Development  

Cen te r .  

F i g u r e  B - 1  i s  a c r o s s   s e c t i o n   d r a w i n g  of one of these  

emi t t e r s .   I t  is 1 inch   i n   d i ame te r  and 1/4- inch  thick.   Heat   is  

put   into  the  top  surface  by  e lectron  bombardment .   Heat  is r emoved  

f rom  the   bo t tom  sur face   by   rad ia t ion ,   Cs   vapor   conduct ion   and  

electron  and  ion  cool ing.   Also,   heat   i s   removed  f rom  the  lower 

c i r cumfe rence   by  a th in   r e f r ac to ry   me ta l   fo i l   t ha t   s e rves   a s   pa r t  

of t h e   c e s i u m  er;qvelope, t he   emi t t e r   suppor t  and e l ec t r i ca l   l ead .  

The   t empera tu i e \   i s   measu red   by   op t i ca l   py romet ry  of a black-body 

cavi ty   that  is s h i e l d e d   f r o m   r e c e i v i n g   r a d i a t i o n   f r o m   t h e   h o t t e r  

f i lament  of the   e lec t ron   bombardment   sys tem.   The   pa th   l ength  of 

the   hea t   f low  i s   measured   f rom  the   cen ter  of the  black-body  hole   to  

t he   emi t t e r   su r f ace .  

The   e lec t ron   bombardment   f i l ament   i s   wound  wi th   tu rns  

c loser   toge ther   a t   the   ou ter   edge   to   compensa te   for   the   hea t  

removal   by   the   suppor t ing   fo i l .   Some  measurements  of t he   emi t t e r  

temperature   dis t r ibut ion  have  been  publ ished.  (B1) Over   t he   a r ea  

of t he   co l l ec to r ,   t he   emi t t e r   has  a cons t an t   t empera tu re   w i th in  

5OC or   l e s s .   Wi th   t ungs t en   emi t t e r s ,   t he   t empera tu re   dec rease  

to   the   edge  is 25OC or  less. 

These   ca l cu la t ions   a r e   fo r  a co r rec t ion   t o   t he   emi t t e r  

t e m p e r a t u r e   d u e   t o   t h e   t h e r m a l   g r a d i e n t   i n   t h e  emitter. The 
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c o r r e c t i o n  is  less than  3%,  and s o  a 20% e r r o r   i n   t h e   e s t i m a t e  

wou ld   be   an   e r ro r  of l e s s   t h a n  0. 6 %  i n   t he   emi t t e r   t empera tu re .  

Therefore ,   no   e f for t   was   made   to   es t imate   the   rad ia l   f low of the  

hea t   to   the   edge  of the   d i sk .   I t   was   assumed  tha t   the   hea t   f low 

f rom  the   dep th  of the   cen ter  of the   b lack-body  cavi ty   to   the   emi t te r  

sur face   was   perpendicular   to   the   emi t te r   sur face   and  of un i form 

densi ty .  

The   ca l cu la t ions   were   based   upon   t he   sum of the  heat 

r emova l s   i rom  the   emi t t e r   wh ich   were :  

(1)  Heat  flow  down  supporting  foil,  
( 2 )  Radiat ion,  
( 3 )  Electron  and  ion  cool ing  ( funct ion of cu r ren t   dens i ty ) ,  

and 
(4)  C s  vapor  conduction. 

(1) Heat  Flow  Down  Supporting  Foil  

The   hea t   tha t   i s   removed  by   the   suppor t ing   fo i l   i s   rad ia ted  

f r o m  a la rge   meta l   s t ruc ture .   In   an   auxi l ia ry   t es t   whi le   ou tgass ing  

one of t h e   s e r i e s   ( i t e m  8, Table  I ) ,  t h e   t e m p e r a t u r e  of t he   r ad ia to r  

where   i t   i s   jo ined   to   the   fo i l   was   measured  a s  a function of e m i t t e r  

t e m p e r a t u r e .   F r o m   t h e s e   d a t a   o n e   c a n   d e t e r m i n e   t h e  AT in  the  foil 

a t   e ach   emi t t e r   t empera tu re .   The   hea t   f l ow  was   ca l cu la t ed   f rom 

the  s imple  equat ion Q, = A K A T / l  wi thout   cor rec t ions   for   rad ia t ion  

to   or  f r o m  the  foil .  

(2 1 R a d i a t i o n   f r o m   t h e   E m i t t e r   S u r f a c e  

For heat   radiated  between  two  paral le l   p lanes ,   an  effect ive 

emis s iv i ty ,  6 ’  = (1 /ce  + l / c a  - 1)- may  be  used (B2) in   the   express ion:  
-1 

Qr = c 1 0 ( T e 4  - T c 4 ) ,  
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w h e r e  ce is a funct ion of TE  and ea is a function  Of4TETC. Past 

exper iences   have   ind ica ted   tha t .wel1   po l i shed   sur faces   g ive  an 

e f f ec t ive   emis s iv i ty  of -0.16. Therefore ,   th i s   va lue   was   used  in 

t h e s e  estimates. 

( 3 )  Electron  and  Ion  Cooling 

Th i s  term is a function of cu r ren t   dens i ty .  A shunt   was  

placed  in   the  e lectr ical  lead t o   t h e   e m i t t e r   a n d   t h e   c u r r e n t  

de t e rmined   by   measu r ing   t he   vo l t age   ac ross   t he   shun t   w i th  a 

thermocouple   vo l tmeter .   This   reads   the   e f fec t ive   hea t ing  of the  

c u r r e n t - - i .   e . ,   t h e   s u m  of the d .  c .   component   and  the  root   mean 

s q u a r e  of the a .  c.  component.  Actually,  one  should  have  the  d.  c. 

p lus   the   s imple   average  of the  a .   c .   component .   The  root   mean 

s q u a r e  is 1 0 7 ~  higher   than  the  average.  A Dars inva l   movemen t  

can   be   ca l ibra ted   to   read   the   average  of a s ign  wave,   but  it i gnores  

the d.  c .   component .   Since  in   most  of a t he rmion ic   conve r t e r   t e s t ing  

p rogram,   t he  d .  c.   component is in   the   o rder  of half   the   current ,  it 

was   found  bes t   to   use   the   thermocouple   meter .  

Dr .   D .  R .  Wilkins of Gene ra l   E lec t r i c ' s   Nuc lea r   The r lmion ic  

Power  Operat ion  has   developed a s e t  of cu rves   f rom  compute r  

calculat ions of the  cooling by  e lec t rons   and   ions   for   var ious   emi t te r  

t e m p e r a t u r e s ,   c o l l e c t o r   t e m p e r a t u r e s ,   c u r r e n t   d e n s i t i e s  and C s  

p r e s s u r e s .  

Throughout  a t e s t i n g   p r o g r a m   f o r  N A S A ,  i n   o r d e r   t o   c o m -  

' pa re  each   conve r t e r   w i th   t hose   p rev ious ly   t e s t ed ,   emi t t e r   t empera -  

t u r e s  of  1665,  1770,  1865,  1962,  2057,  2153,  and  2250°K  were  used. 

Wi lk ins   made   h i s   ca lcu la t ions   for   emi t te r   t empera tures   a t   each  

hundred   deg rees .  Estimates of t he   e l ec t ron   coo l ing   ve r sus   cu r ren t  

dens i ty   were   made   by   i n t e rpo la t ing   be tween   Wi lk ins '   va lues .  

Calculat ions  made  using  the data f rom  Hous ton  (B3)  and Lawrence  

gave   essent ia l ly   the  same r e s u l t s .  

(B4) 
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(4) Cesium  Conduct ion 

T h e   h e a t   r e m o v a l   f r o m   t h e   e m i t t e r  by the  C s  vapor  is 

independent of the   cur ren t   dens i ty   and   -pr imar i ly  a function of 

t h e   e m i t t e r   t e m p e r a t u r e  and C s  p res su re .   Da ta   f rom  Ki t r i l ak i s  

and  Meeker  (B5)  were   used .  

Having  determined  the  sum of the   cool ing   te rms ,   the   to ta l  

heat  flow  per  unit area through  the   emi t te r   was   used   to   ca lcu la te  

t he   t he rma l   g rad ien t   i n   t he   emi t t e r ,  AT. T h e s e   v a l u e s   a r e   s h o w n  

i n   F i g u r e  B2, which  plots AT ve r sus   me t t e r   r ead ings   fo r   t he  

emi t t e r   t empera tu res   u sed .   The   ce s ium  conduc t ion   co r rec t ion   i s  

given  in  the  table  on  the  f igure.  

While  operating a converter   under   tes t ,   the   condi t ions  for  

t e s t ,   TE ,   Tc ,  T C s ,  Load  Resis tance  and  a .   c .   dr ive  were  set .  

Then ,   the   thermocouple   meter   was   read .   Us ing   F igure  B2 ,  one 

could   de te rmine   how  much  to   increase   the   apparent   b lack-body 

cavi ty   t empera ture   o f   the   emi t te r   to   have   the   emi t te r   sur face   a t  

t he   des i r ed   t empera tu re .  
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